In this study, non-point source(NPS) contribution was investigated based on flow rates and water qualities of streams into the lake during rainfall events. Event mean concentration(EMC) and the pollution loads were calculated to establish a database for NPS control measurement in the survey area, and so on. The runoff characteristics of NPS were investigated and estimated on the basis of the ratio of an agricultural to forest area in the stream of sub-catch basin during rainfall events. Non-point source pollution loads were also calculated to establish a database for NPS control measure in the upstream lake Chinyang. At a rainfall event, BOD concentrations rise sharply at the early peak time of runoff, however, peaks of TSS concentration were observed at the similar time of peak flow. This was a phenomenon shown at the watersheds caused by forest and geological types. The discharged EMC range was 2.9-4.8 mg/L in terms of BOD. The discharged EMC range was 6.2-8.2 mg/L in terms of SS. The discharged EMCs of T-N and T-P were 1.4-2.5 mg/L and 0.059-0.233 mg/L, respectively. Total BOD loading rate through the 3 tributaries to the lake Chinyang was 1,136 kg/d during dry weather. The upper watershed area of the Nam-river dam in this study was divided into 14 catchment basins based on the Korean guideline for total maximum daily load(TMDL) of water quality pollutants. The higher the agricultural land-use ratio, the more NPS loading rate discharged, but the more occupied a forest area, the lower more NPS loading rate discharged. In an agricultural land-use area more than 20%, the increase of NPS loadings might be dramatically diffused by increasing the integrated complex-use like vinyl-house facilities and fertilizer use etc. according to the effective land-use utilization. The NPS loading rates were BOD 0.3 kg/ha․day, SS 0.21 kg/ha․day, TN 0.02 kg/ha․day, TP 0.005 kg/ha․day under less than 10% agricultural land-use. In agricultural land-use of 20%-50%, these values were investigated in the range of 0.32 kg/ha․day-0.73 kg/ha․day for BOD, 0.92 kg/ha․day-3.32 kg/ha․day for SS, 0.70 kg/ha․day-0.90 kg/ha․day TN, 0.03 kg/ha․day-0.044 kg/ha․day for TP.
Introduction 1)

Control of non-point source(NPS) is a recent issue
for water quality management of water resources especially in artificial reservoirs such as big multipurpose dam in Korea. Lake Chinyang is a representative artificial reservoir which is a major water supply source in west side of Geongnam province, south-eastern part of Korean peninsula. Land use of the upstream watershed is mainly for agriculture and forest. Lots of researchers reported that eutrophication in lake and dam was caused mainly by non-point source of agricultural and forest areas as well as point source like livestock. The runoff characteristics of NPS pollution load is quite complex in rural area, since the land use is diverse like farming, ranching, and other animal production systems (Loehr, 1974) .
Organic and inorganic pollutants are discharged even from the forest area. Thus, an understanding of the runoff characteristics of pollutants from a given watersheds is necessary for appropriate control measure to assist policy strategies and water resource managements (Gentry et al., 2007) . In most agricultural watersheds, phosphorus transport mainly occurred in surface runoff and soil erosion (Kim et al., 2006) , while nitrogen transport pathways are considered to be different from those of phosphorus. In this study, NPS contribution was investigated based on flow rates and water qualities of streams into the lake during rainfall event. Event mean concentration (EMC) and the pollution loads were calculated to establish database for NPS control measure in the survey area, and so on, the runoff characteristics of NPS was investigated and estimated based on the ratio of an agricultural to forest area in the stream of sub-catch basin during rainfall event. Non-point source pollution loads were calculated to establish database for NPS control measure in the survey area.
And then those data obtained in this study will finally use for water quality improvement of water resources of upstream watersheds of lake Chinyang.
Materials and Methods
Runoff samples were manually collected at the 3 selected sites which located at the end of three major streams(Gyeongho, Yangcheon and Dukcheon) of the catch basin. Sampling was carried out on short interval time during the first flush rainfall. Flow rate was continuously measured by flow meter at the sampling site. The upper watershed area of Nam-river dam in this study was divided into 14 catchment basins based on the Korean guideline for TMDL of water quality pollutants. Most of these areas are underlain by agricultural and forested area.
These areas were classified into agriculture and forest areas by the land use pattern(see Fig. 2 ). And the ratio of agriculture area occupied at sub catchment area divided into less than 10%, 20%, 30%, 40% and 50%, then the characteristics of runoff was investigated and estimated from this area.
The evaluation for NPS loading rate by runoff for rainfall used the values of flow rate and pollutant concentrations for the streams of the surveyed catch basin area. Flow rate was measured by flow meter at a monitoring site. Stream water sampled at the same site under wet and dry weather. Water quality parameters for analysis were BOD, SS, total nitrogen(TN) and total phosphorus(TP), and were determined by procedures described in the Korean Standard Methods.
The survey was conducted at dawn stream of three major tributaries flowing into the lake Chinyang as shown in Fig. 1 Water quality of the three rivers was compared for rainfall and dry period to determine the effect of non-point pollution load by rainfall. As shown in the figure, the hydrograph during rainfall Table 3 . Water quality and loading rates of the three tributaries into the Lake Chinyang during dry weather River Flow rate (10 Table 4 . Variation of EMCs and the pollution load at the survey areas during rainfall event has a similar shape in all sites, reflecting the rainfall intensity distribution and typical runoff types in agricultural and forest areas. In general, the concentrations of pollutants sharply rise at the early peak time of runoff such as BOD in Fig. 3 .
However, TSS concentration peaks was observed at the similar time of peak flow. This phenomenon at the watersheds caused by land use and geology types.
3.2. Water quality and loading rates of the three tributaries into the Lake during dry weather 
NPS runoff loadings by the ratio of agricultural
land-use at the sub catchment basin Table 7 shows in order of SS runoff loads according to large amount. As shown in Table 7, there was totally a correlation between that value for SS and the ratio of agricultural land-use to total area, specially into a turbid stream water when it rains. Table 7 . The diffuse pollutant loadings of agricultural area runoff at 14 sub catchment basin in this survey(see Fig. 1 2) Total BOD loading rate through the 3 tributaries to the lake Chinyang was 1,136 kg/d during dry weather. However it increased to 108,875 kg/d by rainfall which is 95 times greater than that of dry period. Similarly TN and TP load were increased by the NPS to 73 times and 184 times, respectively.
3) The higher the agricultural land-use ratio, the more NPS loading rate discharged, but the more occupied a forest area, the lower more NPS loading rate discharged. 
